CO 

o 

Ift 
o 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



BP 1 005 037 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 1 58(3) EPC 



(43) Date of publication! 


(51) Int. CI/: Cjill D 7/24, (jMb//^D 


31.05.2000 Bulletin 2000/22 






(86) International application number: 


(21) Application number: 99957105.2 


PCT/JP99/03251 


fOO\ Rota r\f filinn- 1 A HA 1 QQQ 

\^^) uaie or Tiling* lo.uo. 1999 


(87) International publication number: 




WO 99/66506 (23.12.1999 Gazette 1999/51) 


(84) Designated Contracting States: 


• OSHIMA, Kiyoshi 


AT CH DE FR GB IE LI LU NL SE 


Kitaadachi-gun, Saitama 362-0806 (JP) 




. TQIIMPMATQII M<^fi<^ 
* 1 OUINClViM 1 ou, iNorio 


(30) Priority: 19.06.1998 JP 17358998 


Ageo-shi, Saitama 362-0015 (JP) 




• HASHIMOTO, Keiichi 


(71) Applicant: 


Ageo-shi, Saitama 362-0043 (JP) 


DAINIPPON INK AND CHEMICALS, INC. 


Itabashi-ku, Tokyo 174-8520 (JP) 


(74) Representative: 




Albrecht, Thomas, Dr. et al 


(72) Inventors: 


Kraus, Weisert & Partner 


• EBISAWA, Shoei 


Patent- und Rechtsanwalte 


Kounosu-shi, Saitama 365-0075 (JP) 


Thomas-Wimmer-RIng 15 


• ITO, Daisuke 


80539 Munchen (DE) 


Sakura-shI, Chlba 285-0817 (JP) 



(54) OPTICAL DISK AND METHOD OF MANUFACTURING OPTICAL DISK 



(57) Ultraviolet rays are irradiated in a space 
through which a cation ic ultraviolet curable composition 
falling from a nozzle passes before reaching a disc sub- 
strate. The cationic ultraviolet curable composition 
which has been irradiated with ultraviolet rays, is distrib- 
uted in a ring form on the surface of the disc substrate. 
Another disc substrate is then superposed in this dis- 
tributed surface to spread the composition by pressing 
or by the weight of the other disc substrate itself. 



Fiai 



.^6 



Z 



Q. 
LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



EP 1 005 037 A1 



Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to an optical disc represented by tine digital video/versatile disc (hereinafter 
abbreviated as DVD) which adopts a laminating method, and a production method therefor. 

BACKGROUND ART 

10 [0002] Conventionally, when two plate-like objects are laminated using an ultraviolet curable composition as an 
adhesive, a radical polymerization-type ultraviolet curable composition is uniformly applied to an adhesion face by 
means of a spin coating method, a screen printing method, or the like which are existing techniques. After this, both 
adhesion faces are superposed so as to face each other, after which continuously radiative ultraviolet light is irradiated 
to cure the adhesive. 

15 [0003] As a light source for the ultraviolet irradiation, a high-pressure mercury lamp, a metal halide lamp, a mer- 
cury-xenon lamp or the like have heretofore been used. With such methods, since the irradiance of the lamp is contin- 
uous, heat is easily generated, which causes a problem in that the heat may cause warping of the plate-like object, or 
may adversely affect the mechanical properties. 

[0004] IVIoreover, with a continuously radiative type lamp, normally several minutes or more are necessary for the 
20 irradiance to stabilize after turning on the light. Hence turning on and off cannot be performed so often. Therefore, when 
a plate-like object is continually produced, the lamp must be kept turned on. If it is assumed that the time required for 
one adhesion (one cycle) (cycle time for the production) is 5 seconds, and of that the time required for ultraviolet irradi- 
ation is 2 seconds, then for the remaining 3 seconds energy is wastefully consumed. 

[0005] When two plate-like objects are laminated using an ultraviolet curable composition as an adhesive, if at least 
25 one plate-like object of the two plate-like objects has ultraviolet transmissivity, there will be no particular problems. 

[0006] With, for example, DVDs or the like produced by lamination however, there is a problem in that the ultraviolet 
intensity is greatly attenuated due to thin films and layers of Al and the like, before the ultraviolet rays reach the adhesive 
layer in which a radical polymerization type ultraviolet curable composition is used as an adhesive. Hence efficient cur- 
ing and adhesion cannot be attained. 
30 [0007] Therefore, there is a problem in that if an attempt is made to facilitate curing, lamp equipment having a large 
capacity becomes necessary. This inevitably leads to an increase in production costs. Moreover, when a lamp having 
a large capacity is used, there is a possibility of this causing problems such as deformation of the plate-like object due 
to the radiant heat from the lamp. To prevent this, cooling equipment around the lamp must be provided separately, 
which makes the whole apparatus large scale and more complicated. 
35 [0008] On the other band, if ultraviolet curing with lamp equipment having a small capacity is attempted, the irradi- 
ation time must be several tens of seconds or more, which is not practical. 

[0009] A disc lamination method which solves the above problems is disclosed in Japanese Patent Application. 
First Publication No. Hei 9-1 93249. That is to say, the disc lamination method disclosed in Japanese Patent Application, 
First Publication No. Hei 9-193249 is characterized in that ultraviolet rays are not continuously radiated to a target, but 
40 are radiated in a flash. This method for radiating ultraviolet rays in a flash is a revolutionary method which enables an 
increase in the number of laminations per unit time compared to the case where ultraviolet rays are irradiated continu- 
ously, while suppressing the consumed power for the ultraviolet irradiation, and which is capable of preventing the gen- 
eration of disc warping after lamination. 

[0010] However, even this method using ultraviolet irradiation as a flash has problems as described below. That is 
45 to say, when a DVD is the laminated object, in view of the construction, ultraviolet rays will reach and cure the ultraviolet 
curable resin after being transmitted through an Al film having poor ultraviolet transmissivity. Hence if the Al film is thick 
to meet product specifications, the curing efficiency will be deteriorated. Moreover, among DVDs, in the case of the 
DVD-RAM where a film which does not substantially transmit ultraviolet rays (for example, ZnS-Si02 film which is typical 
of a dielectric film) exists, the method in which ultraviolet rays are irradiated in flashes onto an ultraviolet curable resin 
50 existing on the bonding faces of two discs to cure and bond this, cannot be adopted. 

[0011] Japanese Patent Application, First Publication No. Hei 9-69239 discloses an effective lamination method 
with respect to the above problems. The method disclosed in Japanese Patent Application, First Publication No. Hei 9- 
69239 is characterized in that a slow acting cationic ultraviolet curable composition is used instead of the radical polym- 
erization type ultraviolet curable resin being the conventional adhesive. More specifically, the cationic ultraviolet curable 
55 composition is applied to the whole surface of one disc to be laminated, and thereafter ultraviolet rays are irradiated 
onto the cationic ultraviolet curable composition. Then the other disc to be laminated is superposed thereon, pressure 
is applied thereto, and the cationic ultraviolet curable composition is allowed to cure. 

[0012] The method using the cationic ultraviolet curable composition disclosed in Japanese Patent Application, 
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First Publication No. Hei 9-69239 is an effective metliod, enabling adiiesion even in tine case wliere the Al fiim is thick, 
or with the DVD-RAM where the ZnS-Si02 film or the like which does not substantially transmit ultraviolet rays exists. 
[0013] However, it is recognized that even with the method disclosed in Japanese Patent Application, First Publica- 
tion No. Hei 9-69239, there are points to be improved. That is to say, as described above, with the method disclosed in 

5 Japanese Patent Application, First Publication No. Hei 9-69239, after the cationic ultraviolet curable composition is 
applied to the whole surface of one disc, the other disc is superposed thereon. At the time of superposition, there is a 
possibility that bubbles are trapped in large quantities, thereby deteriorating the adhesion performance. 
[0014] That is to say, the resin in the vicinity of the bubbles is subject to inhibition of polymerization due to moisture 
(water content) contained in the bubbles, and curing may not be performed completely. Furthermore, there is a possi- 

10 bility that the product quality after lamination may be impaired. Moreover, if a disc in which bubbles are trapped is 
exposed to high temperature and high moisture for a long period of time, the inside air may expand, and in the worst 
case, the surface of the disc may swell. 

[0015] Moreover, with the method disclosed in Japanese Patent Application, First Publication No. Hei 9-69239, two 
disc substrates are pressed together after being superposed. However, there is a possibility that damage may occur on 
15 the disc surface due to the mechanism used for pressing. This occurrence of damage becomes significant when the 
discs are produced continuously, and may lead to a decrease in product yield. 

[001 6] Furthermore, in view of the properties of the cationic ultraviolet curable composition, a predetermined period 
of time is required for curing after lamination. Therefore it is necessary to leave the disc substrate to stand for a certain 
period of time and to take measures so that deformation or displacement does not occur. This becomes a hindrance in 
20 constructing mass production equipment. 

[0017] Moreover, there is a problem in that the cationic ultraviolet curable composition protruding from the bonding 
face becomes tacky, so that handling is troublesome. 

[0018] Therefore, it is an object of the present invention is to provide an optical disc wherein even in the case where 
a cationic ultraviolet curable composition is used, trapping of bubbles in the adhesive layer is minimal, and uneven cur- 
25 ing is suppressed. Moreover, it is another object of the present invention to provide a production method for optical discs 
which can efficiently produce optical discs, and which does not perform direct ultraviolet irradiation onto the surface of 
the disc substrate, and hence does not cause deformation of the disc substrate due to the conductive heat or radiant 
heat from the lamp, which has been a problem with the conventional methods. 

30 DISCLOSURE OF THE INVENTION 

[0019] The present inventors made an investigation for suppressing the trapping of bubbles even in the case where 
a cationic ultraviolet curable composition is used, and for preventing the occurrence of uneven curing of the adhesive 
layer. 

35 [0020] As a result, the present inventors found that if ultraviolet rays were sufficiently irradiated beforehand onto a 

cationic ultraviolet curable composition in a liquid form, before spreading on the disc substrate, and thereafter the cati- 
onic ultraviolet curable composition was distributed and spread on at least one disc substrate of the two disc substrates, 
trapping of bubbles in the adhesive layer could be suppressed, and consequently, the occurrence of uneven curing 
could be prevented. 

40 [0021] More preferably, it was found that if ultraviolet rays were sufficiently irradiated onto a cationic ultraviolet cur- 
able composition in a liquid form beforehand, and thereafter the cationic ultraviolet curable composition was distributed 
and spread on at least one disc substrate of the two disc substrates, trapping of bubbles in the adhesive layer could be 
further suppressed, and consequently, the occurrence of uneven curing could be prevented more effectively. 
[0022] The present invention is based on the above findings, and is a production method for an optical disc charac- 

45 terized in that a cationic ultraviolet curable composition in a liquid form irradiated beforehand with ultraviolet rays is dis- 
tributed on a first disc substrate, before superposing a second disc substrate thereon and spreading the cationic 
ultraviolet curable composition in a liquid form, and the second disc substrate is then superposed thereon to spread the 
cationic ultraviolet curable composition in a liquid form, and the cationic ultraviolet curable composition in a liquid form 
is allowed to cure. 

50 [0023] More preferably, the present invention is a production method for an optical disc characterized by comprising 
the steps of: irradiating ultraviolet rays onto a cationic ultraviolet curable composition in a liquid form; dropping the cat- 
ionic ultraviolet curable composition in a liquid form which has been irradiated with ultraviolet rays onto a first disc sub- 
strate; superposing a second disc substrate on the first disc substrate on which the cationic ultraviolet curable 
composition in a liquid form has been distributed; and spreading the cationic ultraviolet curable composition in a liquid 

55 form. 

[0024] With the present invention, the cationic ultraviolet curable composition in a liquid form irradiated beforehand 
with ultraviolet rays is distributed on the first disc substrate, before superposing the second disc substrate thereon and 
spreading the cationic ultraviolet curable composition in a liquid form. At the time of distribution, the cationic ultraviolet 
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curable composition in a iiquid form may be dropped on tlie disc substrate so as to become a sliape suitable for spread- 
ing. For example, this may be dripped or allowed to hang down so as to be pulled like a string. 

[0025] With the method where the cationic ultraviolet curable composition in a liquid form is dropped on the disc 
substrate and then irradiated with ultraviolet rays, ultraviolet rays are inevitably also irradiated onto the disc substrate 
5 consisting of polycarbonate or the like, though essentially the one that requires ultraviolet irradiation before and after 
spreading is only the cationic ultraviolet curable composition. This unnecessary ultraviolet irradiation onto the disc sub- 
strate may cause thermal deformation in a disc substrate such as a DVD having a small thickness (a thickness of 0.6 
mm), due to the heat from a lamp serving as the ultraviolet light source. 

[0026] From this point of view, with the present invention, as the method of distributing the cationic ultraviolet cura- 
10 ble composition in a liquid form irradiated beforehand with ultraviolet rays on the first disc substrate before superposing 
the second disc substrate thereon and spreading the cationic ultraviolet curable composition, it is desirable to adopt a 
method for irradiating ultraviolet rays in a space through which the cationic ultraviolet curable composition falling from 
the nozzle passes before reaching the first disc substrate, in order to irradiate ultraviolet rays onto the cationic ultraviolet 
curable composition before this falls onto the first disc substrate. For example, it can be considered to irradiate ultravi- 
15 olet rays during a step for passing the cationic ultraviolet curable composition through a tube constructed from a light 
transmissive material. With this method however, the cationic ultraviolet curable composition becomes cured and 
adhered to the inner wall of the tube, making it difficult to ensure the passage of the cationic ultraviolet curable compo- 
sition without replacing the tube. On the other hand, with the method for irradiating ultraviolet rays in the space, such a 
problem does not arise. However, the present invention does not positively exclude the method for irradiating ultraviolet 
20 rays onto the cationic ultraviolet curable composition passing through a tube constructed from a light transmissive mate- 
rial. 

[0027] With the cationic ultraviolet curable composition in a liquid form used in the present invention, curing can be 

initiated by the irradiation of ultraviolet rays, and the composition can be spread approximately between the two disc 
substrates by superposing the two disc substrates, after which the curing is completed. 
25 [0028] With the present invention, a cationic ultraviolet curable composition in a liquid form consisting of a cationic 
ultraviolet curable resin and a cation polymerization type photoinitiator is used. With the present invention, a cationic 
ultraviolet curable composition in a liquid form consisting of an epoxy resin as the main component and a cation polym- 
erization type photoinitiator as the initiator is preferably used. 

[0029] The aforesaid composition differs from a normal ultraviolet curable composition where the curing level 
30 reaches substantial saturation immediately upon irradiation of ultraviolet rays (referred to as "fast acting" in a sense that 
it cures immediately), in that the curing level does not reach saturation immediately after irradiation of ultraviolet rays 
but reaches substantial saturation after a predetermined time has elapsed (referred to as "slow acting"). That is to say, 
since there is a certain period of time (a pot life) from the time of irradiation of ultraviolet rays until the curing level 
reaches saturation, the lamination operation and fine adjustment can be done during that time. The cationic ultraviolet 
35 curable composition containing a cationic ultraviolet curable resin and a cation polymerization type photoinitiator as the 
essential components is preferably in a substantially non-solvent liquid form, in view of the ease of dropping onto the 
disc substrate. It is more preferable to select the composition so that the composition itself and a cured adhesive layer 
thereof both become transparent. 

[0030] A functional property which the composition has, that curing is initiated upon irradiation of ultraviolet rays, 

40 and that with the superposition of a second disc substrate on the first disc substrate the composition can be spread 
approximately between the two disc substrates, and thereafter curing is completed, is more specifically a property that 
the composition can be spread over the whole surface where adhesion is required with the curing level of the composi- 
tion not reaching saturation during spreading, that the composition does not protrude from between the disc substrates, 
that the composition contains as few bubbles as possible, and that the film thickness becomes uniform. 

45 [0031] The curing level reaching saturation during spreading means that adhesion can be performed at only a part 
of the face where adhesion is required, leading to problems in that warping becomes worse, sufficient adhesion 
strength cannot be obtained, and that recording information degenerates or cannot be reproduced because of ingress 
of gas or liquid into a gap between the laminated discs. On the other hand, protrusion from between the disc substrates 
leads to problems such as over consumption of the composition, and tackiness at the edge faces. 

50 [0032] For such functional properties, the cycle time for lamination, the ultraviolet irradiation amount onto the com- 
position, and the ease of spreading of the composition are considered and selected so as to be optimum. When the 
former two conditions are fixed, the functional property depends solely upon the ease of spreading of the composition. 
Typically, therefore, by adjusting the viscosity of the composition, the functional property can be controlled. 
[0033] In this connection, the cycle time for lamination is set to be as short as possible, for example 7 seconds or 

55 less and preferably from 1 to 5 seconds. 

[0034] The viscosity of the cationic ultraviolet curable composition in a liquid form used in the present invention is 
set to be from 50 to 1 0000 mPas, preferably from 1 00 to 1 000 mPas, normally at 25°C, though differing according to the 
spreading method. The composition distributed onto the disc substrate increases in viscosity and is cured after ultravi- 
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olet rays are irradiated tliereon. Preferabiy tine curing ievei does not reacli saturation until tine composition has spread 
sufficiently over the disc substrate. 

[0035] As the cationic ultraviolet curable composition in a liquid form used in the present invention, one having a 
viscosity of from 200 to 450 mPa • s as measured by a BM type viscometer, and an increase rate of the complex coef- 
5 ficient of viscosity after 3 minutes from irradiation of ultraviolet rays of not higher than 200%, for example from 200 to 
1 0%, is preferable. Of this, one having a viscosity of from 250 to 350 mPa • s and an increase rate of the complex coef- 
ficient of viscosity of not higher than 150%, for example from 150 to 30% is more preferable. The range shown by the 
O mark in Tables 2 and 3 described later is preferable. 

[0036] Here the viscosity measured by the BM type viscometer refers to a viscosity under an environment of 25°C 
10 before ultraviolet rays are irradiated (herein after referred to as "initial viscosity"). Moreover, the complex viscosity 
increase rate in the present invention is defined as described below. 

[0037] The complex coefficient of viscosity r|* was measured by using a parallel disc type rheometer RSI 50 (pro- 
duced by HAAKE Co.), with each composition sandwiched between a stainless steel disc (having a diameter of 20 mm) 
and a quartz glass disc so that the distance therebetween was 50 |Lim, and irradiating ultraviolet rays for 3 minutes from 
15 an extra-high voltage mercury lamp (SP3-250 produced by Ushio Inc. and having an intensity of 550 mW/cm^), from 
the quartz glass disc side at a temperature of 25°C, under conditions of frequency of 1 Hz, and distortion of 5%. The 
increase rate of viscosity Ari (%) was determined from the initial complex coefficient of viscosity t|o* and the complex 
coefficient of viscosity r|i* 3 minutes after initiation of ultraviolet irradiation, using the following equation: 

20 Complex viscosity increase rate Ar| = (r| * - r| q*) /r| o*x 1 00 

[0038] To obtain such a preferable composition in a liquid form, there is for example, a method which involves 
adjusting the composition ratio by using together two or more kinds of cationic ultraviolet curable resins each of which 
has different curing properties such as curing speed. 
25 [0039] The time from completion of ultraviolet irradiation until the curing level reaches saturation, or the absolute 
value of the saturated curing level, is adjusted by various kinds of cationic ultraviolet curable resins and cation polym- 
erization type photoinitiators used together with the resins, and the weight ratios thereof. For example, the time is 
adjusted from 3 to 30 minutes, preferably from 5 to 25 minutes, more preferably from 5 to 15 minutes, and most prefer- 
ably from 5 to 1 0 minutes. 

30 [0040] For the cationic ultraviolet curable resin used for the preparation of the cationic ultraviolet curable composi- 
tion in a liquid form, there is for example an epoxy resin, and a glycidyl ether type epoxy resin is mainly used. This resin 
normally contains impurities to which chlorine is attached, resulting from epichlorohydrin which is the raw material. It is 
desirable to limit the quantity of chlorine in the epoxy resin to not higher than 1% by weight in order to prevent corrosion 
of a metal reflection film or a recording film of the optical disc. 

35 [0041] In preparing a cationic ultraviolet curable composition in a liquid form without using a solvent, for example it 
is preferable to dissolve a solid epoxy resin in a liquid epoxy resin which can dissolve the solid epoxy resin. 
[0042] Moreover, as the glycidyl ether type epoxy resin, a combination of a bisphenol type epoxy resin and an 
aliphatic diol polyglycidyl ether is preferable, and of this, a combination of a bisphenol type epoxy resin and an aliphatic 
diol diglycidyl ether is preferable in the present invention for spreading the adhesive over the whole face of the substrate 

40 and for the immediate curing after spreading. 

[0043] Moreover, an oxetane compound and an alicyclic epoxy compound may be used together. Furthermore, it is 
preferable that the cation polymerization type photo initiator constituting the cationic ultraviolet curable composition be 
an onium salt composed of a cation portion and an anion portion, the cation portion being selected from a group con- 
sisting of aromatic sulfonium, aromatic iodonium, aromatic diazonium and aromatic ammonium, and the anion portion 

45 being represented by the general formula [BX4] - (where X is a phenyl group substituted by at least two fluorine atoms 
or a trifluoromethyl group). 

[0044] The glycidyl ether type epoxy resin includes bisphenol type diglycidyl ether, novolac type epoxy resin, 
aliphatic polyol polyglycidyl ether and the like. Specifically, the bisphenol type diglycidyl ether includes bisphenol A or 
diglycidyl ether of the alkylene oxide adduct thereof, bisphenol F or diglycidyl ether of the alkylene oxide adduct thereof, 
50 hydrogenated bisphenol A or diglycidyl ether of the alkylene oxide adduct thereof, 

the novolac type epoxy resin includes phenol novolac type epoxy resin, o-cresol novolac type epoxy resin and 
diphenylolpropane novolac type epoxy resin, 

the aliphatic polyol polyglycidyl ether includes ethylene glycol diglycidyl ether, propylene glycol diglycidyl ether, 
neopentyl glycol diglycidyl ether, butanediol diglycidyl ether, hexanediol diglycidyl ether, cyclohexanedimethanol digly- 
55 cidyl ether, polypropylene glycol diglycidyl ether, trimethylol propane di-/tri-glycidyl ether, pentaerythritol tri-/tetra-glyci- 
dyl ether, and sorbitol hepta-/hexa-glycidyl ether, and 

other epoxy resins include resorcin diglycidyl ether. 
[0045] As commercially available products of these glycidyl ether type epoxy resins, Epiclon 840, 840S, 850, 850S, 
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860, 1 050, 830, 705, 707, 720, 725, N-665 (produced by Dainippon Ink and Chemicals, Inc.) EX-201 , EX-21 1 , EX-21 2, 

EX-252, EX-321, EX-622, EX-611 (produced by Nagase Chemicals, Ltd), SR-16H, SR-NPG, 16H-DGE low-chlorine 
products (produced by Sakamoto Yakuhin Kogyo Co., Ltd.) and the like are available. 

[0046] Oxetane compounds include 1 ,4-bis[(3-ethyl-3-oxetanyl methoxy)methyl]benzene, 1 ,4-bis[(3-methyl-3-oxe- 
tanyl methoxy)methyl]benzene, 3-methyl-3-glycidyloxetane, 3-ethyl-3- glycidyloxetane, 3-methyl-3-hydroxymethyl oxe- 
tane, 3-ethyl-3-hydroxymethyl oxetane and the like. 

[0047] As commercially available products of these oxetane compounds, MOX, XDO (produced by Toagosei Co., 
Ltd.) and the like are available. 

[0048] Alicylclic epoxy compounds include 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexyl carboxylate, limonene 

diepoxide and the like. As commercially available products of these alicylclic epoxy compounds, Celloxide 2021 , 2081 , 
2083, 2085, 3000 (produced by Daicel Chemical Industries, Ltd.), Cyracure UVR-6105, 61 10, 6128 (produced by Union 
Carbide Corp.) and the like are available. Among these cationic curable compounds, a composition consisting of a com- 
bination of a bisphenol type epoxy resin and an aliphatic diol diglycidyl ether is preferable for achieving the present 
invention. 

[0049] The cation polymerization type photoinitiator used in the present invention is a compound which initiates cat- 
ion polymerization of the epoxy group upon irradiation of ultraviolet rays. As such a cation polymerization type photoin- 
itiator, a known and common one can be used, and there can be mentioned as being preferable, for example, an onium 
salt in which the cation portion is aromatic sulfonium, aromatic iodonium, aromatic diazonium, aromatic ammonium or 
(2,4-cyclopentadiene-1-yl)[(1-methylethyl)benzene]-Fe cation, and the anion portion is BF4", PFq~, SbFg", or [BX4]" 
(where X is a phenyl group substituted by at least two fluorine atoms or a trifluoromethyl group). 

[0050] Specifically, aromatic sulfonium salt includes: bis[4-(diphenylsulfonio)phenyl]sulfide bishexafluorophos- 
phate, bis[4-(diphenylsulfonio)phenyl]sulfide bishexafluoroantimonate, bis[4-(diphenylsulfonio)phenyl]sulfide 
bistetrafluoroborate, bis[4-(diphenylsulfonio) phenyl]sulfide tetrakis(pentafluorophenyl)borate, diphenyl-4-(phe- 
nylthio)phenylsulfonium hexafluorophosphate, diphenyl-4-(phenylthio)phenylsulfonium hexafluoroantimonate, diphe- 
nyl-4-(phenylthio)phenylsulfonium tetrafluoroborate, diphenyl-4-(phenylthio)phenylsulfonium 

tetrakis(pentafluorophenyl)borate, triphenylsulfonium hexafluorophosphate, triphenylsulfonium hexafluoroantimonate, 
triphenylsulfonium tetrafluoroborate, triphenylsulfonium tetrakis(pentafluorophenyl)borate, bis[4-di(4-(2-hydrox- 
yethoxy))phenylsulfonio)phenyl]sulfide bishexafluorophosphate, bis[4-(di(4-(2-hydroxyethoxy))phenylsulfonio)phe- 
nyl]sulfide bishexafluoroantimonate, bis[4-di(4-(2-hydroxyethoxy))phenylsulfonio)phenyl]sulfide bistetrafluoroborate, 
bis[4-di(4-(2-hydroxyethoxy))phenylsulfonio)phenyl]sulfide tetrakis(pentafluorophenyl)borate and the like. 
[0051] Aromatic iodonium salt includes: diphenyliodonium hexafluorophosphate, diphenyliodonium hexafluoroanti- 
monate, diphenyliodonium hexafluoroborate, diphenyliodonium tetrakis(pentafluorophenyl)borate, bis(dodecylphe- 
nyl)iodonium hexafluorophosphate, bis(dodecylphenyl)iodonium hexafluoroantimonate, bis(dodecylphenyl)iodonium 
tetrafluoroborate, bis(dodecylphenyl)iodonium tetrakis(pentafluorophenyl)borate, 4-methylphenyl-4-(1 -methyle- 
thyl)phenyliodonium hexafluorophosphate, 4-methylphenyl-4-(1-methylethyl)phenyliodonium hexafluoroantimonate, 4- 
methylphenyl-4-(1 -methylethyl)phenyliodonium tetrafluoroborate, 4-methylphenyl-4-(1 -methylethyl)phenyliodonium tet- 
rakis(pentafluorophenyl)borate and the like. Aromatic diazomium salt includes: phenyldiazonium hexafluorophosphate, 
phenyldiazonium hexafluoroantimonate, phenyldiazonium tetrafluoroborate, phenyldiazonium tetrakis(pentafluorophe- 
nyl)borate and the like. 

[0052] Aromatic ammonium salt includes: 1-benzyl-2-cyanopyridinium hexafluorophosphate, 1-benzyl-2-cyanopy- 
ridinium hexafluoroantimonate, 1 -benzyl-2-cyanopyridinium tetrafluoroborate, 1-benzyl-2-cyanopyridinium tet- 
rakis(pentafluorophenyl)borate, 1 -(naphthylmethyl)-2-cyanopyridinium hexafluorophosphate, 1 -(naphthylmethyl)-2- 
cyanopyridinium hexafluoroantimonate, 1-(naphthylmethyl)-2-cyanopyridinium tetrafluoroborate, 1 -(naphthylmethyl)-2- 
cyanopyridinium tetrakis(pentafluorophenyl)borate and the like. As (2,4-cyclopentadiene-1 -yl)[(1-methylethyl)benzene]- 
Fe salt, there can be mentioned (2,4-cyclopentadiene-1-yl)[(1 methylethyl)benzene]-Fe (II) hexafluorophosphate, (2,4- 
cyclopentadiene-1 -yl)[(1 methylethyl)benzene]-Fe (II) hexafluoroantimonate, (2,4-cyclopentadiene-1 - 

yl)[(1 methylethyl)benzene]-Fe (II) tetrafluoroborate, (2,4-cyclopentadiene-1-yl)[(1 methylethyl)benzene]-Fe (II) tet- 
rakis(pentafluorophenyl)borate and the like. 

[0053] As commercially available products of these cation polymerization type photoinitiators, for example, 
UV16990, UV16974 (produced by Union Carbide Corp.), SP-150, SP-170 (produced by Asahi Denka Kogyo K.K.), FC- 
508, FC-512 (produced by 3M Co.), Irgacure 261 (produced by Ciba-Geigy Co.), RHODORSIL PI2074 (produced by 
Rhodia Co.) and the like are available. 

[0054] The above described cation polymerization type photoinitiators may be used singly or in a combination of 
two or more. The addition amount thereof is from 0.2 to 10 parts, and more preferably from 0.2 to 4 parts by weight as 
an effective component per 100 parts by weight of the ultraviolet curable composition. If the amount is less than 0.2 
parts by weight, sufficient curing cannot be obtained, and if the amount is larger than 4 parts by weight, reliability over 
a long period of time decreases. 

[0055] Moreover, in order to further improve the curability, for example a radical photopolymerization initiator such 
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as 2-hydroxy-2-methyl-1-phenylpropane-1-on, 1-hydroxycyclohexylpheny I ketone, other than pyrene, perylene, 2,4- 
diethylthioxanthon and phenylthiazine may be used together with the above described cation polymerization type pho- 
toinitiator as a sensitizer. 

[0056] Polyol, a thermoplastic resin, a leveling agent, an antioxidant, a silane coupling agent or the like can be used 

5 as required, together with the composition of the present invention. 

[0057] To irradiate ultraviolet rays onto the dropped cationic ultraviolet curable composition in a liquid form, an ultra- 
violet irradiation device can be disposed to the side of the dropping cationic ultraviolet curable composition, and as a 
light source for the ultraviolet irradiation, for example, any known lamp such as a xenon lamp, a xenon-mercury lamp, a 
metal halide lamp or the like may be used. 

10 [0058] To irradiate ultraviolet rays more uniformly onto the dropping cationic ultraviolet curable composition in a liq- 
uid form, the diameter of a nozzle may be made small to thereby make the liquid drop of the cationic ultraviolet curable 
composition or the diameter of the dropping liquid small. A plurality of nozzles may be used, and in that case, adjust- 
ment of the dropped quantity of the cationic ultraviolet curable composition (distributed quantity of the composition on 
the disc substrate) becomes easy. Moreover, it is effective to irradiate ultraviolet rays from around the whole periphery 

15 of the dropping cationic ultraviolet curable composition. As a specific means for irradiating ultraviolet rays from around 
the whole periphery of the dropping cationic ultraviolet curable composition, it can be considered to irradiate ultraviolet 
rays by arranging a plurality of ultraviolet irradiation devices around the periphery of the dropping cationic ultraviolet cur- 
able composition. However, if the periphery of the dropping cationic ultraviolet curable composition is surrounded by a 
reflector plate, and the ultraviolet rays are irradiated onto the interior surrounded by the reflector plate, it is not neces- 

20 sary to arrange a plurality of ultraviolet irradiation devices. Hence energy saving and space saving become possible and 
this is advantageous in view of the cost. 

[0059] When the ultraviolet rays are irradiated onto the dropping cationic ultraviolet curable composition, if the ultra- 
violet rays are irradiated to the nozzle aperture, the cationic ultraviolet curable composition is cured in the nozzle aper- 
ture, and complications such as the dropping quantity decreasing or the nozzle aperture blocking occur. To prevent this, 

25 it is preferred to drop the cationic ultraviolet curable composition in a liquid form and distribute this on the disc substrate, 
with the ultraviolet irradiation shut off to the periphery of the nozzle tip. As a means for shutting off the ultraviolet rays, 
in the present invention it is particularly preferable to protect the nozzle aperture with an ultraviolet irradiation protection 
cover. It is not absolutely necessary for this ultraviolet irradiation protection cover to cover the entire periphery of the 
nozzle aperture, and the shape is optional so long as it can achieve the object of protecting the nozzle aperture from 

30 the ultraviolet rays. Similarly, it is also particularly preferable to shut off the ultraviolet irradiation to the nozzle aperture 
by covering the ultraviolet irradiation device with a cover having a shutter, and opening/closing the shutter with dropping 
of the composition. 

[0060] The quantity of the ultraviolet irradiation onto the cationic ultraviolet curable composition during dropping of 
the composition from the nozzle to the disc substrate is normally from 50 to 500 mJ/cm^, and preferably from 100 to 
35 400 mJ/cm^. 

[0061] With the present invention, since continuous ultraviolet irradiation directly onto the disc substrate is not per- 
formed, deformation due to heat does not occur even if the disc substrate does not have heat resistance. That is to say, 
this is advantageous compared to the conventional method in which ultraviolet rays are directly irradiated continuously 
onto the disc substrate. 

40 [0062] In the case where a method for irradiating ultraviolet rays onto the cationic ultraviolet curable composition 
dropping from the nozzle is adopted, for example a method is preferable wherein after distributing the cationic ultraviolet 
curable composition in a liquid form which has been irradiated with ultraviolet rays, on the surface of at least one disc 
substrate in a ring form, the other disc substrate is superposed thereon to spread the cationic ultraviolet curable com- 
position by pressing or by the weight of the other disc substrate itself. 

45 [0063] To distribute the composition on the disc substrate in this manner, if the cationic ultraviolet curable compo- 
sition is dropped while the first disc substrate is being rotated, the composition can be distributed in a ring form. After 
having distributed the cationic ultraviolet curable composition in a ring form, the second disc substrate is superposed 
thereon. If this superposed body is left alone, the ring-shaped cationic ultraviolet curable composition is spread by 
means of the inherent weight of the disc substrate located on top, or by pressing with a suitable load, so as to extend 

50 over the whole face between the two disc substrates. Moreover, after superposition, spreading may be performed by 
using a conventionally known spin coat method. 

[0064] When two disc substrates are superposed, the distance between the two disc substrates is brought closer 
to a desired distance, with the face where the cationic ultraviolet curable composition is distributed as a bonding face. 
[0065] The present invention uses a cationic ultraviolet curable composition in a liquid form which has been sub- 
55 jected to sufficient irradiation of ultraviolet rays. Hence the ultraviolet curable composition can be distributed in a ring 
form on the disc substrate. Therefore, the number of trapped bubbles can be greatly reduced, compared to the conven- 
tional method in which after the cationic ultraviolet curable composition has been applied over the whole face of the disc 
substrate, the two disc substrates are superposed. 
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[0066] To enhance the effect of preventing the bubbles from being trapped, it is recommended that the two disc sub- 
strates are not superposed in parallel from the initial stage, but are superposed in a non-parallel state, that is, in the 
state with one disc substrate inclined to the other disc substrate. Thereafter, the two disc substrates are brought into 
the parallel state (hereinafter this method is referred to as a "2P method"). Moreover, it is preferable to only press with 
5 the inherent weight of one disc substrate or with a suitable load. Furthermore, it is desired that the process for bringing 
the two disc substrates into parallel is controlled so that they approach each other at a speed in the order of micron per 
second, and that the approach be performed intermittently. According to this method, the adhesive does not disperse 
to the outer periphery of the disc substrate as with the spin coat method. Hence this is advantageous from the viewpoint 
of resources. 

10 [0067] To prevent the generation of bubbles, it can be considered to adopt the spin coat method or the 2P method. 
In the case of the spin coat method however, with the cationic ultraviolet curable composition in a liquid form, for exam- 
ple dropped and distributed in ring form, the portion which does not form a bonding layer but is flung out to the outside 
is redundantly distributed on the disc substrate. As a result compared to the 2P method in which spreading is performed 
only by the inherent weight or by pressing with a suitable load, the ring thickness is thicker, and due to the requirement 

15 that the ultraviolet rays are irradiated and reach to the interior thereof, it necessary to irradiate a larger quantity of ultra- 
violet rays. Moreover, since the flung out composition is cured in a predetermined time, it is necessary to properly 
remove any cured product built up in the apparatus, which is not desirable. 

[0068] Though the whole thickness of the adhesive layer of the cationic ultraviolet curable composition (after curing) 
consisting of the cationic ultraviolet curable ream and the cation polymerization type photo initiator is not particularly lim- 

20 ited, it is preferable that the thickness be normally from 15 to 60 |Lim, and more preferably from 20 to 55 |um. 

[0069] The cationic ultraviolet curable composition in the vicinity of the edge face of the optical disc is subjected to 
inhibition of polymerization due to moisture contained in the air. Therefore, even If an optimized composition Is used, 
there is a possibility of slight protrusions from the bonded face between the two disc substrates because of lamination. 
The protruding composition is difficult to cure, causing tackiness for example. Therefore, the composition on the edge 

25 face of the optical disc is radiated with heat or light from a heat source or a light source so that the laminated discs are 
not warped, to age the composition, enabling promotion of curing and making this tackfree. By further irradiating ultra- 
violet rays onto the edge face of the optical disc, it is possible to cure the cationic ultraviolet curable composition in the 
vicinity of the edge face of the optical disc. When ultraviolet rays are irradiated concentrating on the edge face, adverse 
effects due to the heat from the lamp source to the disc substrate are not a significant problem. 

30 [0070] Even in the case where the cationic ultraviolet curable composition protrudes at the edge face of the optical 
disc, this is cured at an early stage because of aging with the ultraviolet irradiation, thereby solving problems such as 
tackiness and the like, and preventing displacement at the time of transport. Hence, processing time can be reduced. 
[0071] The ultraviolet irradiation onto the edge face may be performed continuously or in a flash. Irradiation in a 
flash is preferable because it is advantageous in view of energy. 

35 [0072] The flash of ultraviolet rays may be once or more than once. When the ultraviolet rays are irradiated in a 
flash, for example a light emitting apparatus including an ultraviolet light source lamp and a flash-type discharge mech- 
anism may be used. 

[0073] The ultraviolet light source used in the present invention includes one which can emit light in a flash and 
repeatedly. As the lamp, for example various types of lamps can be used such as a xenon lamp, a xenon-mercury lamp 
40 and a metal halide lamp. However, it is preferable to use one with excellent durability and which can endure repeated 

light emission. 

[0074] As the flash-type discharge mechanism for emitting light from the lamp in a flash, for example there can be 
used a circuit which connects in series a capacitor for accumulating electric charge, a coil for controlling the current 
waveform at the time of discharge, and an electrode for the lamp. 

45 [0075] As the means for charging the capacitor, for example there can be used a circuit which connects in parallel 
with the capacitor, an element which connects in series a direct-current voltage power supply and a resistance for con- 
trolling the charge current. As a means for signaling discharge of the charge accumulated in the capacitor to the lamp, 
for example there can be mentioned a method in which an auxiliary electrode is provided in wire form wound several 
times around the lamp, and a high-voltage pulse is applied between the auxiliary electrode and one of the electrodes 

50 of the lamp by, for example a trigger generation circuit. 

[0076] In this manner, the gas enclosed inside the lamp suffers a momentary collapse in the insulation due to appli- 
cation of the high voltage pulse, triggering the discharge of electric energy accumulated in the capacitor into the lamp 
all at once during a very short period of time t, and at this time, a powerful flash is emitted. 

[0077] Since the electric energy is discharged in a very short period of time, of the order of a micro second to a mil- 
55 lisecond, the voltage between both electrodes of the lamp abruptly drops upon initiation of discharge, and the discharge 
itself terminates instantly. 

[0078] Moreover, as the aforesaid mechanism for when the lamp is repeatedly made to emit light in a flash, for 
example there can be mentioned the ones described below. With the discharge accompanying the flash, charging is 



8 



EP 1 005 037 A1 



initiated from tine direct-current voitage power supply to tlie capacitor, at approximateiy tlie same time as witli tine initi- 
ation of discharge. The time required for charging is related to a time constant x determined by the product of the capac- 
ity of the capacitor (farads) and the resistance for controlling the charge current (ohms). In general, when the relation 
between the time constant x and the discharge time t is x»t, the emission of light by means of discharge is not per- 
5 formed continuously but is finished as a single shot. However, the charging thereafter also is performed continuously. 
[0079] When the charge accumulation in the capacitor saturates to some extent reaching a level where the second 
discharge becomes possible, if the high voltage pulse is again applied, the second flash is emitted. The repeated emis- 
sion of flashes can be performed by repeating the above described operation. 

[0080] When ultraviolet rays are irradiated in a flash, if infrared rays are contained in the light from the light source, 
10 it is preferable to shut off the infrared rays and irradiate only the ultraviolet rays. In this manner, the infrared rays can be 
prevented from being irradiated onto the disc substrate, so that warping or distortion of the optical disc itself is unlikely 
to occur due to heat and transformation of recorded information is less likely to occur. 

[0081] When infrared rays are selectively shut off from the light emitted from the light source lamp for emitting ultra- 
violet rays which contains infrared rays, generally an infrared ray-shut off filter can be used. 
15 [0082] According to the findings of the present inventors, it was found that even if the discharged energy per one 
time was the same, if the peak value and the time width of the discharge current was changed, the intensity and the 
spectrum distribution of the light discharged from the lamp was changed, and the curability of ultraviolet curable com- 
positions having the same composition was changed. 

[0083] In order to promote curing of the cationic ultraviolet curable composition protruding at the edge face, other 
20 than ultraviolet irradiation described above, a method for heating the composition to a temperature of from 40 to 70°C 
is effective. 

[0084] According to the production method of the present invention described above, a suitable optical disc can be 

produced, wherein the number of bubbles contained in the adhesive layer of the optical disc is from 0 to 5, preferably 
from 0 to 1 per cm^. With the optimal optical disc of the present invention, bubbles of from 0.1 to 2.0 mm do not exist 

25 substantially in the adhesive layer. Even assuming that 1 to 5 bubbles exist per 1 cm^, the diameter of the bubbles is 
preferably in a range of from 0.1 to 2.0 mm. Moreover, it is preferred that bubbles exceeding 2.0 mm are not included. 
[0085] As for the number of bubbles in the adhesive layer in the optical disc of the present invention, the diameter 
of bubbles and number of bubbles can be specified by visual inspection, for example by viewing with the eye or by a 
micrograph, and in the case where direct visual inspection is not possible, by visual inspection by exposing the adhesive 

30 layer by peeling or the like, or by scanning over the whole face of the adhesive with an ultrasonic flaw detector, without 
performing peeling. With the present invention, it is desirable to adopt the ultrasonic flaw detection from the viewpoint 
that the number of bubbles in the adhesive layer can be specified without breaking the optical disc. 
[0086] With the present invention, the most preferable form of the production method is a production method for an 
optical disc comprising the steps of: distributing a cationic ultraviolet curable composition in a liquid form having a vis- 

35 cosity of from 200 to 450 mPa • s as measured by a BM type viscometer, and an increase rate of the complex coefficient 
of viscosity after 3 minutes from irradiation of ultraviolet rays of not higher than 200%, in a ring form on a recording layer 
of at least one disc substrate of two disc substrates having recording layers, while irradiating ultraviolet rays thereto; 
obtaining a disc by superposing the two disc substrates so that the recording layers thereof face each other, and 
spreading the cationic ultraviolet curable composition by pressing or by means of the inherent weight of one of the disc 

40 substrates. 

[0087] The disc substrate which is the object of the present invention is constituted by a material which barely trans- 
mits ultraviolet rays or does not substantially transmit ultraviolet rays. However, there is a case where the disc substrate 
is not constituted by a single material, but is constituted by a complex material obtained from a material which suffi- 
ciently transmits ultraviolet rays and a material which barely transmits ultraviolet rays or does not substantially transmit 
45 ultraviolet rays. With the present invention, either of a DVD-ROM or a DVD-RAM can be produced, but there is an ideal 
layer construction for the production method of the present invention, attributable to the layer construction. As one 
example thereof, there can be mentioned a DVD-10 or DVD-18 of the DVD-ROM in which the metal film such as the 
aforesaid Al is thick, or a DVD-RAM. 

[0088] With the DVD-1 0 there is known a construction where two disc substrates are prepared with undulations cor- 
50 responding to recorded information provided on a transparent resin substrate having ultraviolet ray transmissivity (e.g. 
a polycarbonate substrate), and a light reflective layer (e.g. an Al alloy layer) laminated over the undulations, and as 
required a protective layer laminated over the light reflective layer, and these are cured and laminated using an adhe- 
sive with the protective layers facing each other. 

[0089] In the case of the DVD-RAM, at least one of the two disc substrates is a disc substrate having an information 
55 recording layer on an ultraviolet ray transmissive substrate (a first disc substrate), and the other disc substrate (a sec- 
ond disc substrate) may or may not have an information recording layer. That is to say, with respect to the disc which is 
the object of the present invention, there is a case where the two disc substrates both have the information recording 
layer or a case where only one disc substrate has the information recording layer. In either case, the disc substrate nor- 
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mally has a thickness of from 0.3 to 1 mm. 

[0090] When the optical discs of the present invention are laminated using a cationic ultraviolet curable composition 
in a liquid form, it is preferable to laminate two disc substrates via an adhesive layer, with at least one of the disc sub- 
strates having a film layer which does not transmit ultraviolet rays. 

5 [0091] As the first and the second disc substrates, any known and commonly used transparent resin substrate may 
be used. For example, there can be mentioned a heat-resistant thermoplastic synthetic resin such as acrylic, polycar- 
bonate and amorphous polyolefin resins. These resins are used as the ultraviolet transmissive substrate. The informa- 
tion recording layer is constructed such that undulations corresponding to recorded information are provided on one 
side of the substrate, and a metal film is laminated thereon. 

10 [0092] The optical disc of the present invention is preferably an optical disc (DVD-RAM) comprising one disc sub- 
strate including a transparent resin layer, a recording layer corresponding to a phase change layer, and a reflective film 
layer as the ultraviolet non-transmissive film layer, as the essential components, and further including dielectric film lay- 
ers on the opposite outer sides of the recording layer. Moreover, the disc also comprises an adhesive layer and an other 
disc substrate comprising a disc substrate as aforesaid or a transparent resin substrate. Of these, when the two disc 

15 substrates to be laminated both have the ultraviolet non-transmissive film layer, the cationic ultraviolet curable compo- 
sition in a liquid form used in the present invention most shows its true value. Moreover, in this case, there is an optical 
disc where one of the ultraviolet non-transmissive film layers is the information recording layer. 

[0093] In the present invention, it is possible to distribute and spread the cationic ultraviolet curable composition 
directly on a metal film represented by a semi-reflective film or a reflective film. Alternatively, it is possible to spread and 

20 cure on the previously mentioned metal film, a conventional ultraviolet curable resin which has been adjusted so as to 
prevent as far as possible degeneration of the metal film with lapse of time, and then distribute, spread and cure the 
cationic ultraviolet curable composition on the protective layer comprising the cured product. This protective layer pref- 
erably has a thickness as a whole of from 5 to 20 |Lim. In this case, both protective layers of both the first and second 
disc substrates are bonded by the cationic ultraviolet curable composition. 

25 [0094] As the cationic ultraviolet curable composition in a liquid form contains a higher content of chlorine, it is pref- 
erable to provide a protective layer in this manner in order to reduce any adverse effect on the metal film. 
[0095] As the metal film, one adopted for reading recorded information, which can reflect visible rays to a high 
degree and for which the aforesaid undulations can be accurately verified is preferable. A film reflecting visible rays to 
a high degree generally also reflects ultraviolet rays to a high degree. 

30 [0096] As the metal film, for example there can be mentioned Al, Ni and alloys thereof, which satisfy conditions for 
the reflectance of visible rays of from 80 to 100%, and the transmittance of ultraviolet rays over the whole wavelength 
range thereof of more than 0 and less than 1 0%, and preferably more than 0 and less than 0.5%. Moreover, with stand- 
ard discs referred to as DVD-9 and DVD-1 8, the film is formed from a material called a semi-reflective film having a light 
transmittance of from 70 to 82%, for example a film comprising gold. 

35 [0097] The DVD-RAM has a characteristic layer construction differing from the above described DVD. As one exam- 
ple thereof, there is known one having a structure such that two disc substrates are prepared by sequentially laminating 
a dielectric film layer (e.g. a ZnS-Si02 layer), a phase change layer corresponding to a recording layer (e.g. a GeSbTe 
layer), a dielectric film layer (e.g. a ZnS-Si02 layer), a light reflective layer (e.g., an Al alloy layer), and a protective layer 
(a radical polymerizable ultraviolet curable resin or a cation polymerizable ultraviolet curable resin) on a transparent 

40 resin substrate having ultraviolet transmissivity (e.g. a polycarbonate substrate). The two disc substrates are then cured 
and laminated by an adhesive with the protective layers facing each other. 

BRIEF DESCRIPTION OF DRAWINGS 

45 [0098] 

FIG. 1 is a schematic structural diagram of an apparatus used for dropping a cationic ultraviolet curable composi- 
tion onto a disc substrate. 

FIG. 2 is an enlarged diagram of a nozzle 1 and an ultraviolet irradiation protection cover 6. 
50 FIG. 3 is a schematic diagram showing a state during lamination of two disc substrates. 

FIG. 4 is a schematic structural diagram showing one example of a method for irradiating ultraviolet rays onto an 
edge face of an optical disc. 

FIG. 5 is a schematic structural diagram showing an apparatus used for irradiating ultraviolet rays onto the edge 

face of an optical disc. 

55 FIG. 6 is a diagram showing the construction of a dropping and irradiating apparatus for a cationic ultraviolet cura- 

ble composition. 

FIG. 7 is a diagram showing one example of a lamination apparatus. 

FIG. 8 is a diagram showing a state in the execution of a spreading step for laminating a disc and a rigid body disc. 
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FIG. 9 is a diagram sliowing a state in tine execution of lieating processing wliile tine discs are superposed. 
FIG. 1 0 is a diagram sinewing a method for pressing when the discs are superposed. 

BEST MODE FOR CARRYING OUT THE INVENTION 

5 

[0099] An embodiment of the present invention will now be described in detail with reference to the accompanying 
drawings. 

Example 1 

10 

[0100] Two disc substrates for a DVD were prepared by forming an Al film having a thickness of 80 nm on a poly- 
carbonate substrate having an outer diameter of 120 mm and an inner diameter of 36 mm, and laminated by a cationic 
ultraviolet curable composition. 

[0101] An apparatus shown in FIG. 1 and FIG. 2 was used for dropping the cationic ultraviolet curable composition 
15 onto the disc substrate. 

[0102] As a dispenser (nozzle) 1 , a model 1500DV (nozzle inner diameter of 0.26 mm) produced by EFD Co. in the 
U.S.A. was used. As an ultraviolet irradiation device 2, a metal halide lamp M03-L31 produced by Iwasaki Electric Co., 
Ltd., was used, under conditions that the output was 3 kW, the arc length was 25 cm, and the input energy to the lamp 
was 120 w/cm. Moreover, a table 3 was rotatable by a motor (not shown). The distance between the ultraviolet irradia- 
20 tion device 2 and the cationic ultraviolet curable composition was 50 mm, and the periphery of the ultraviolet irradiation 
device and the dropping cationic ultraviolet curable composition was surrounded by a reflector plate (not shown), to 
thereby improve the uniformity of the ultraviolet irradiation. 

[0103] As the cationic ultraviolet curable composition, a resin having a viscosity of 230 mPas (25°C) and having a 
mixing composition described below was used. The quantity of chlorine in this composition was less than 1 % by weight 

25 

Epoxy resin: 

EX314 produced by Nagase Chemicals, Ltd. 
70 parts 

30 EX622 produced by Nagase Chemicals, Ltd. 

30 parts 

Cation polymerization type photopolymerization initiator: 

35 UVI6990 produced by Union Carbide Corp. 

2 parts 

[0104] After a disc substrate 4 was placed on the table 3 of the apparatus shown in FIG. 1, the above described 
cationic ultraviolet curable composition was distributed in a ring form on the disc substrate 4, while rotating the table 3. 

40 The discharge pressure from the dispenser 1 was adjusted so that the dropped quantity (distributed quantity) of the 
ultraviolet curable composition was 0.27 g per one disc substrate and the average thickness after application was 50 
^im. The dropped position was an 80 mm diameter position on the disc substrate 4. This was a position where the 
spreading distance of the cationic ultraviolet curable composition to the inner diameter side and to the outer diameter 
side of the disc substrate 4 became the same. 

45 [0105] While dropping the cationic ultraviolet curable composition 5, the light was emitted from the ultraviolet irradi- 
ation device 2 under the above described conditions, to thereby irradiate ultraviolet rays onto the cationic ultraviolet cur- 
able composition. 

[0106] As described above, two disc substrates on which the cationic ultraviolet curable composition was distrib- 
uted were prepared, and after positioning the faces where the cationic ultraviolet curable compositions were distributed 

50 in a ring form to face each other, the two disc substrates were superposed. At the time of superposition, bubbles tended 
to be trapped in the cationic ultraviolet curable composition. However, trapping of bubbles could be prevented by super- 
posing the disc substrates in such a manner that the contact area of both resins gradually increased. 
[0107] Therefore, with this embodiment, as the concept shown in FIG. 3, the cationic ultraviolet curable composi- 
tions were brought into contact with each other in a state that one disc substrate was inclined to the other disc substrate, 

55 and thereafter, the upper disc substrate was lowered so that the disc substrates became parallel, to thereby gradually 
bring the resins into contact with each other over the whole surface and spread the resins. By adjusting the lowering 
speed of the upper disc substrate, trapping of bubbles could be reduced to almost zero. 

[0108] After having spread the cationic ultraviolet curable composition, the two disc substrates were mounted on a 
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tray 1 1 as shown in FIG. 4, and ultraviolet rays of 600 mJ/cm^ were irradiated from the top. In FIG. 4, a reflective film 

11 a for reflecting ultraviolet rays is provided on the surface of the tray 1 1 , and a shield plate 12 is provided above the 
disc substrate 4. Therefore, ultraviolet rays irradiated from above are concentrated on the edge face of the laminated 
disc substrates 4, as shown by the arrows in FIG. 4. The cationic ultraviolet curable composition tends to undergo cur- 
5 ing inhibition due to the moisture contained in the air, and curing in the portion in contact with the moisture in the air is 
delayed, and in some cases, cannot be cured and remains in a tacky state. Hence, as in this embodiment, irradiation of 
ultraviolet rays to the edge faces is very effective. 

[0109] After 1 0 minutes, the cationic ultraviolet curable composition between the disc substrates was gelled so that 
the two disc substrates were not easily peeled. However, the edge face portions were still in a slightly tacky state. 
10 [0110] After 20 minutes, curing had progressed even at the edge faces, and the disc substrates were in a tackfree 
state. When the two disc substrates were peeled to observe the curing and bonding state of the cationic ultraviolet cur- 
able composition, the whole face was uniformly cured, and any uncured portion was not observed. Bubbles in the adhe- 
sive layer were not observed. Observation of bubbles was performed by visualizing with an ultrasonic flaw detector 
imaging apparatus HA-701 produced by Honda Electronics Co., Ltd. 

15 

Example 2 

[Oil 1] Two disc substrates for a DVD were prepared by forming an Al film having a thickness of 80 nm on the sur- 
face of a polycarbonate substrate having an outer diameter of 120 mm and an inner diameter of 36 mm, and a cationic 

20 ultraviolet curable composition was distributed in a ring form on one disc substrate, using the apparatus shown in FIG. 
1 in the same manner as in Example 1 . The discharge pressure from the dispenser 1 was adjusted so that the dropped 
quantity (distributed quantity) of the ultraviolet curable composition was about 0.8 g. The dropped position was a 65 mm 
diameter position on the disc substrate 4. This was selected so as to be suitable for spreading the cationic ultraviolet 
curable composition over the whole face between the two disc substrates 4, when the cationic ultraviolet curable com- 

25 position was spread by a spin coat method in a later stage. 

[0112] After dropping the cationic ultraviolet curable composition in a ring form, another disc substrate was super- 
posed thereon so that the adhesion face of the disc substrate faced the distributed face of the ring form cationic ultra- 
violet curable composition. After superposition, then by rotating the table at a speed of 4000 min"'' for 3 seconds, the 
cationic ultraviolet curable composition was spread between the two disc substrates. 

30 [0113] Thereafter, in order to promote curing of the edge faces of the disc which became one disc by lamination, in 
the same manner as in Example 1 , the disc substrates 4 were mounted on a tray 1 1 as shown in FIG. 5, on which a 
reflective film 1 la for reflecting ultraviolet rays was arranged with a shield plate 12 arranged thereabove and ultraviolet 
rays were irradiated in flashes. The ultraviolet rays were irradiated, as shown in FIG. 5, by an ultraviolet irradiation 
device comprising; cylindrical oblong xenon flash lamps 1 3(FQ-20003 type produced by Ushio Inc.) having a tube diam- 

35 eter of 1 0.5 mm, and an effective arc length of about 200 mm, a reflector plate 1 4, and a case 1 5 for housing these. As 
for the irradiation conditions, the capacity C and inductance L of a capacitor in a discharge circuit (not shown) were 
adjusted so that the pulse width of a discharge current became 650 micro seconds, and a charging voltage was 
adjusted so that the lamp input energy became 200J per one lamp, and ultraviolet rays were irradiated in 10 shots at 
are petition speed of 5 times/second. In addition, the distance between the xenon flash lamp 13 and the disc substrates 

40 4 was 40 mm. 

[01 1 4] After flash irradiation of ultraviolet rays as described above, the curing state of the cationic ultraviolet curable 
composition was observed, and it was found that the tacky state at the edge face portion of the disc observed in Exam- 
ple 1 had practically disappeared immediately after flash irradiation. 

[01 1 5] Moreover, after elapse of 1 0 minutes from completion of the spin coat method, the cationic ultraviolet curable 

45 composition between the disc substrates was gelled, and was not easily peeled. 

[0116] After 20 minutes, when the two disc substrates were forcibly peeled to observe the curing and bonding state 
of the cationic ultraviolet curable composition, the whole face was uniformly cured, and any uncured portion was not 
observed. When the number of bubbles having a diameter of from 0.1 to 2.0 mm in the adhesive layer was counted, the 
number was 0.05/cm^. Bubbles over 2.0 mm diameter were not observed. Observation of bubbles was performed by 

50 visualizing with an ultrasonic flaw detector imaging apparatus HA-701 produced by Honda Electronics Co., Ltd. 

[0117] As described above in detail, according to the present invention, since the cationic ultraviolet curable com- 
position was irradiated with ultraviolet rays before being distributed on the disc substrate, and was then distributed and 
spread on the disc substrate, trapping of air can be suppressed, and an optical disc having no curing unevenness can 
be obtained. That is to say, if ultraviolet rays are irradiated while the ultraviolet curable composition is dropping from the 

55 nozzle to the disc substrate, ultraviolet rays can be irradiated uniformly into the interior of the cationic ultraviolet curable 
composition. Hence curing unevenness does not occur in the method of distributing the cationic ultraviolet curable com- 
position on the disc substrate in a ring form. At this time, by covering the tip of the nozzle aperture with an ultraviolet 
irradiation prevention cover, ultraviolet rays are prevented from being irradiated to the nozzle aperture. Therefore, a 
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decrease In the dropped quantity (distributed quantity) of tine cationic ultraviolet curable composition due to curing 
thereof at the nozzle aperture, and the occurrence of complications such as blocking of the nozzle aperture and the like 
can be prevented. 

[0118] Moreover, according to the present invention, bonding can be performed without directly irradiating ultravio- 
5 let rays onto the main face of the disc substrate. Hence deformation of the optical disc due to heat can be avoided. 
[0119] Furthermore, according to the present invention, by irradiating ultraviolet rays onto the edge face of the lam- 
inated discs, the cationic ultraviolet curable composition in the vicinity of the edge face of the disc can be effectively 
cured. By performing the ultraviolet irradiation in flashes, the used power can be reduced. 

[0120] Next is a specific description of the composition of the present invention by means of another example dit- 
to ferent from the above described examples. 

[0121] After mixing and dissolving a cationic curable compound according to the mixing composition shown in Table 
1 at 85°C for 4 hours, a cationic photoinitiator and a leveling agent were mixed therewith and dissolved at 60°C for 4 
hours, to thereby prepare the ultraviolet curable compositions of Examples 3 to 6. The obtained compositions were 
examined to measure the initial viscosity and complex viscosity increase rate as described above. The results are 
15 shown together in Table 1 . By changing the mixing composition, a cationic ultraviolet curable composition having a dif- 
ferent complex viscosity increase rate could be obtained, even if the initial viscosity was the same. 



Table 1 







Examples 






1 


2 


3 


4 


IVIixing composition (parts by weight) 


Cationic curable compound 












Epiclon 1050^^ 


20 


15 


10 


5 




Hydrogenated bisphenol A diglycidyl 
ether^^ 




17.5 


35 


52.5 




16H-DGE low chlorine product^^ 


80 


67.5 


55 


42.5 




Cationic photoinitiator 












RHODORSIL PHOTOINITIATOR 

2074"^^ 


0.5 


0.5 


0.5 


0.5 




Leveling agent 












L-7604^) 


0.2 


0.2 


0.2 


0.2 


Initial viscosity (mPa*s) 


300 


300 


300 


300 


Complex viscosity increase rate (%) 


44 


47 


98 


137 



1) solid form bisphenol A type diglycidyl ether, produced by Dainippon Ink and Chemicals, Inc. 

2) obtained by hydrogenating Epiclon 850S (produced by Dainippon Ink and Chemicals, Inc.) at a hydrogen pressure of 40 
kg/cm^, and at a temperature of 40°C for 7 hours, in the presence of ruthenium catalyst. 

3) 1 ,6-hexanedioldiglycidyl ether, produced by Sakamoto Yakuhin Kogyo Co., Ltd. 

4) produced by Rhodia Go. 

45 5) produced by Nippon Unicar Co., Ltd. 



[0122] Then, by variously changing the mixing compositions of the cationic curable compound, the cationic photoin- 
itiator, and the leveling agent shown in Table 1 , cationic ultraviolet curable compositions having the initial viscosities and 
50 the complex viscosity increase ratios shown in Table 2 were prepared. These compositions all had a chlorine content 
of less than 1 % by weight. By using these compositions, two disc substrates were laminated. The used disc substrates 
were disc substrates for DVDs prepared by forming an Al film having a thickness of 80 nm on the surface of a polycar- 
bonate substrate having an outer diameter of 120 mm and an inner diameter of 15 mm. 

[0123] The distribution of the cationic ultraviolet curable composition onto the disc substrate was performed by 
55 using an application apparatus having the structure shown in FIG. 6. 

[0124] In FIG. 6, reference numeral 41 denotes a dispenser (nozzle) for dropping the cationic ultraviolet curable 
composition, 42 denotes an ultraviolet irradiation device, 43 denotes a case having a reflector on the inside thereof, and 
44 denotes a disc substrate mounting table. 
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[0125] As the dispenser 41, a model 1500DV (nozzle inner diameter of 0.83 mm) produced by EFD Co. in the 
U.S.A. can be used. As the ultraviolet irradiation device 42, an ultraviolet irradiation apparatus 1250 type, D valve (arc 
length: 25 cm) produced by Fusion UV Systems, Inc., can be used. Moreover, the disc substrate mounting table 44 can 
be rotated by a motor (not shown). The distance between the ultraviolet irradiation device 42 and the cationic ultraviolet 
5 curable composition which is dropped was 50 mm. Moreover, the case 43 was provided with a shutter 43a movable in 
the direction of the arrow in the figure. 

[0126] While the cationic ultraviolet curable composition 45 is dropping, ultraviolet rays are irradiated onto the cat- 
ionic ultraviolet curable composition by making the ultraviolet irradiation device 42 emit light. During this period, the disc 
substrate mounting table 44 is rotated. Hence the cationic ultraviolet curable composition 45 is distributed on a first disc 

10 substrate 1a in a ring form. After a predetermined quantity of the cationic ultraviolet curable composition has been 
dropped, by operating the shutter 43a towards the left in the figure, an aperture through which the cationic ultraviolet 
curable composition passes is closed. Then, if another first disc substrate 1a has been moved into place for the next 
dropping of the cationic ultraviolet curable composition, the shutter 43a is operated to the condition shown in the figure 
to restart dropping of the cationic ultraviolet curable composition. If opening/closing of the shutter 43a is performed in 

15 this manner, even if the ultraviolet irradiation device 42 is emitting light while the cationic ultraviolet curable composition 
is not dropped, ultraviolet irradiation to the dispenser 41 can be prevented, and hence blocking thereof can be pre- 
vented. 

[0127] As the dispenser, the above described model 1500DV (nozzle inner diameter of 0.83 mm) produced by EFD 
Co. in the U.S.A. was used to drop and distribute the cationic ultraviolet curable composition in a ring form so that the 

20 distributed quantity became 0.4 g. As the ultraviolet irradiation device 42, the ultraviolet irradiation apparatus 1250 type, 
D valve (arc length: 25 cm) produced by Fusion UV Systems, Inc., was used to irradiate ultraviolet rays at an output of 
70% of the maximum output. After distribution, a disc substrate on which the cationic ultraviolet curable composition 
was not distributed was superposed thereon by using a superposition apparatus having a structure shown in FIG. 7, to 
thereby obtain one disc. The disc was left alone without applying any load, to thereby spread the cationic ultraviolet cur- 

25 able composition. The property of the cationic ultraviolet curable composition, the edge face protrusion thereof, and the 
superiority or inferiority of the spreading during these sequential steps were observed. 

[0128] One example of the superposition apparatus is shown in FIG. 7. The superposition apparatus 5 comprises 
a pair of disc substrate holding tables 51 and 52, a hinge 53 for connecting these tables 51 and 52, and suction pas- 
sages 54 connected to a vacuum pump (not shown). 

30 [0129] As shown in FIG. 7A, the first disc substrate 1 a on which the cationic ultraviolet curable composition 45 has 
been distributed in a ring form is mounted on the disc substrate holding table 51, and a second disc substrate 1b is 
mounted on the disc substrate holding table 52. By driving the vacuum pump (not shown), the first and second disc sub- 
strates 1 a and 1 b are suction attached via the suction passages 54 onto the respective disc substrate holding tables 51 
and 52. Then, from the state shown in FIG. 7A, the disc substrate holding table 51 is turned at a high speed about the 

35 hinge 53. When the disc substrate holding table 51 approaches the disc substrate holding table 52 up to the state 
shown in FIG. 7B, the turning speed is decreased, and thereafter, the turning speed is controlled so that the both discs 
approach each other at a speed in the order of micron per second. Then, when the space between the first disc sub- 
strate 1 a and the second disc substrate 1 b becomes an expected value, the approach is stopped, and drive of the vac- 
uum pump is stopped. 

40 [0130] If the disc is left alone after superposition, the cationic ultraviolet curable composition which has been in a 
ring form is spread by the inherent weight of the upper located disc substrate, or by pressing with a suitable load, and 
spreads over the whole face of the disc substrate. The thickness distribution of the adhesive layer between the discs 
thus laminated has a feature that the thickness is a maximum at a radial position distributed in a ring form, and 
decreases regularly toward the inner peripheral side and the outer peripheral side. On the other hand, the thickness of 

45 the adhesive layer in the case where the discs are laminated by the spin coat method has a feature that this is thinnest 
at the inner peripheral position, and increases regularly toward the outer periphery side. In the process of spreading, if 
deformation or displacement occurs, even if it is tried to correct the deformation or displacement forcibly, this becomes 
a very difficult operation. Therefore, it is desirable to perform the spreading step on a stationary flat surface. That is to 
say, by performing the spreading step on a flat surface where vibration or shaking is eliminated, deformation or dis- 

50 placement after completion of spreading can be suppressed to a minimum. As a result, a tilt occurring in the disc after 
curing can be suppressed. 

[0131] With DVDs, there is a type having a protrusion in a ring form (a ring-shaped protrusion) formed on the outer 
periphery of the clamping area. Since this protrusion exists on the outer face of the DVD, if the DVDs are superposed, 
the upper and lower ring-shaped protrusions are brought into contact with each other. Hence the disc faces cannot be 
55 brought into contact with each other. Therefore, while superposing DVDs and spreading the ultraviolet curable compo- 
sition, a DVD having a low rigidity will be deformed due to its own weight and further due to the weight of the DVD super- 
posed thereon, into an umbrella shape, that is, warping occurs. 

[0132] With DVDs, there is a type having no protruding ring formed thereon, and in that case, no deformation 
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occurs due to the existence of the protruding ring. However, as the number of superposed DVDs increases, minute 
deformations are accumulated, and there is a possibility that the deformation of DVD located on the upper layer of the 
superposition cannot be ignored from the viewpoint of product specifications. 

[0133] Therefore, it is effective to interpose a rigid body disc having a flat face between the superposed discs. 

5 When the target is a DVD having no protruding ring formed thereon, the rigid body disc may have a simple flat face. 
However, when the protruding ring is formed on the DVD, it is necessary to consider a shape where the rigid body disc 
does not interfere with the protruding ring, for example to consider forming a ring-shaped groove in the portion corre- 
sponding to the ring-shaped protrusion. Moreover, the flatness of the flat face is not particularly limited, so far as the 
warp is within a predetermined value, and can be determined by way of experiments according to the conditions for 

10 spreading. Furthermore, it is not necessary for the flat face to be a continuous flat surface over the whole surface, and 
this may be an intermittent flat surface so long as the expected purpose can be achieved. For example, ring-shaped 
members having different diameters may be distributed coaxially, and the flat face of the present invention is a concept 
including such a construction. 

[0134] The material of the rigid body disc is not particularly limited so long as the purpose can be achieved. How- 

15 ever, with a production line, it can be assumed that the superposed DVDs are also transported to another place. There- 
fore it is desirable that the DVD is lightweight for the convenience of transportation. However, in general, since the 
smaller the specific gravity, the lower the rigidity, an appropriate thickness becomes necessary for achieving the pur- 
pose as the rigid body disc. For example, polycarbonate of the same quality as the DVD disc substrate can be used. In 
this case, it is necessary to determine the thickness so that there is sufficient rigidity. As the rigid body disc, a metal 

20 material can be used, and in this case, aluminum and titanium having a low specific gravity are preferable. 

[0135] One example of the spreading step by means of superposition is shown in FIG. 8. In FIG. 8, reference 
numeral 70 denotes a base, 71 denotes a spindle arranged in an upright condition on the base 70, and 72 denotes an 
elevator platform which moves up and down along the spindle 71 . A disc 10 (comprising the aforesaid disc substrates 
la and lb) which is transported first is mounted on the rigid body disc 8 which has been previously arranged on the 

25 elevator platform 70. At this stage, the cationic ultraviolet curable composition has not been spread over the whole face 
between the two disc substrates. Then, after lowering the elevator 72 until the tip of the spindle protrudes from the disc 
10, the next rigid body disc 8 is mounted on the disc 10. Then, after lowering the elevator 72 in the same manner, the 
next transported disc 10 is mounted. After superposing a predetermined number of discs 10 in this manner, they are 
left alone until a predetermined period of time has passed. During this period, the cationic ultraviolet curable composi- 

30 tion spreads over the whole face between the two disc substrates, thus completing the spreading processing. 

[0136] On the rigid body disc 8, there is formed a ring-shaped groove 8b for avoiding interference with the ring- 
shaped protrusion 10b on the disc 10. The outer diameter of the rigid body disc 8 is set to be smaller than the outer 
diameter of the disc 1 0. This is because sometimes a burr occurs on the outer peripheral edge portion of the disc sub- 
strate constituting the disc 10, attributable to the protrusion molding, and this avoids interference between the burr and 

35 the rigid body disc 8. 

[0137] FIG. 9 shows one example of the above. That is to say, after completion of the spreading processing, the 
discs 10 are heated in the superposed state using a heating device, for example a halogen heater 73, while rotating the 
discs 10. 

[0138] In addition to the method of irradiating ultraviolet rays, there is also a method of heating the discs to a pre- 
40 determined temperature in this manner. This heating technique is effective for reducing the production cost, since it can 
be done with lower cost equipment than the equipment required for ultraviolet irradiation. As for the heating tempera- 
ture, it is necessary to properly determine this according to the material constituting the disc substrate, and the cationic 
ultraviolet curable composition. In the case of DVDs however, since if the temperature exceeds 70°C there is a possi- 
bility of deformation occurring in the disc substrate due to thermal stresses, it is preferable to set the temperature to 
45 below 70°C. Moreover, to promote curing of the cationic ultraviolet curable composition, it is desirable to set the heating 
temperature to above 40°C. 

[0139] After the spreading, the discs were left alone for 5 minutes at a temperature of 24°C, and thereafter as 
shown in FIG. 9, edge face treatment was performed with the halogen heater 73. As the halogen heater 73, a low cost 
halogen heater unit with a gold mirror having good heatwave reflection efficiency (IHU-H01-00 type produced by Ushio 
50 Inc.) was used. The heating conditions were such that the halogen heater 73 was switched on at a voltage of AC 1 0OV, 
the distance from the disc 10 was 500 mm, and the spindle 71 was rotated at a speed of 2 rotations/second while the 
heater was on. Then, after 5 minutes, the spreading state, the thickness, and the warping of the disc adhesive layer was 
evaluated. 

[0140] The results are shown in Table 2. Moreover, when the discs are superposed, then as shown in FIG. 10, four 
55 spacers 55 having a thickness of 1 .205 mm are interposed in a cross shape between the disc holding substrates 51 and 
52. The evaluation results for when the disc holding substrates 51 and 52 are pressed forcibly until they come into con- 
tact with each other via the spacers, are shown in Table 3. In the case of this forcible pressing, the distributed quantity 
of the adhesive is adjusted so that the tip of the spread adhesive after pressing comes into a range of from 5 to 8 mm 
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on both the inner and outer peripheral sides of the disc. FIG. 1 0A is a plan view showing the arrangement of the spacers 
55, and FIG. 1 0B is a side sectional view. Moreover, in Tables 2 and 3, "protrusion" means that the cationic ultraviolet 
curable composition partially protrudes from the laminated edge faces of the discs in a grainy form, "poor application" 
means that immediately after being distributed in a ring form, the cationic ultraviolet curable composition spreads and 

5 cannot maintain a uniform shape until superposition, and "poor spreading" means that the adhesive does not spread 
over the whole face between the discs, and is lacking at the inner and outer peripheral portions. Moreover, "uneven 
thickness" while not "poor spreading", means that since the adhesive has not been sufficiently distributed to fill in the 
space at the inner and outer peripheral portions of the discs, the thickness of the adhesive layer after being cured 
becomes extremely thin at the inner and outer peripheral portions of the discs. In this case, the main point is that when 

10 the thickness of the adhesive at the inner and outer peripheral tip edge portions is less than 5 ^im, this is defined as 
"uneven thickness". Furthermore, "worse warping" means that the radial tilt exceeds 0.7°, or the tangential tilt exceeds 
0.3°. Evaluation of "protrusion", "poor application", "poor spreading", "uneven thickness" and "worse warping" specified 
here shows only the trend through the sequential experiments, and does not show there is a strict boundary between 
these evaluations. In addition, observation of bubbles in the discs obtained in the Examples was performed by visualiz- 

is ing with an ultrasonic flaw detector imaging apparatus HA-701 produced by Honda Electronics Co., Ltd. In all of the opti- 
cal discs, the number of bubbles was less than 1 per 1 cm^. Moreover, bubbles exceeding 2.0 mm did not exist. 
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■ Poor spreading, 
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[0141] From the results shown in Table 2 and Table 3, it is seen that in the range where the initial viscosity is from 
200 to 450 mPa-s and the complex viscosity increase rate is not higher than 200%, protrusion, poor application and 
poor spreading do not occur, and a disc having an even thickness and minimal warping after being cured can be 
obtained. Moreover, as seen from a comparison of Table 2 and Table 3, since the allowable complex coefficient of vis- 
5 cosity varies depending upon whether or not pressure is applied, this point should be considered when the composition 
is actually adjusted. 

[0142] According to the present invention, a disc can be obtained where protrusion from the edge face after super- 
position, poor application and poor spreading of the cationic ultraviolet curable composition does not occur. Moreover, 
the thickness of the cationic ultraviolet curable composition after being cured is uniform, and there is minimal warping. 
10 Furthermore, since the cationic ultraviolet curable composition is irradiated in advance with ultraviolet rays and then 
spread on the disc substrate, lamination can be performed without directly irradiating ultraviolet rays onto the surface of 
the disc substrate. Hence, deformation of the disc substrate after lamination can be avoided. Therefore, an optical disc 
such as a DVD- RAM can be produced accurately and efficiently. 

15 Claims 

1. An optical disc in which two discs substrate with at least one having an ultraviolet transmissive layer are lami- 
nated via an adhesive layer, the optical disc characterized in that said adhesive layer comprises a cured layer of a 
cationic ultraviolet curable composition, and the number of bubbles contained in the adhesive layer is from 0 to 5 

20 per 1 cm^. 

2. An optical disc according to claim 1 , wherein the number of bubbles contained in the adhesive layer is from 0 to 
5 per 1 cm^, and the diameter of the bubbles is from 0.1 to 2.0 mm 

25 3. An optical disc according to claim 1, comprising: one disc substrate having at least a transparent resin layer, a 

recording layer, and an optical reflecting layer serving as an ultraviolet no n -transmissive film layer; an adhesive 
layer; and another disc substrate comprising said disc substrate or a transparent resin substrate. 

4. An optical disc according to claim 1 or claim 2, wherein said two disc substrates both have ultraviolet non-trans- 
30 missive film layers. 

5. An optical disc according to claim 4, wherein one of the ultraviolet non-transmissive film layers is an information 
recording layer. 

35 6. A production method for an optical disc, wherein a cationic curable composition in a liquid form irradiated before- 
hand with ultraviolet rays is distributed on a first disc substrate, before superposing a second disc substrate thereon 
and spreading the cationic curable composition in a liquid form, and the second disc substrate is then superposed 
thereon to spread said cationic curable composition in a liquid form, and said cationic curable composition in a liq- 
uid form is allowed to cure. 

40 

7. A production method for an optical disc comprising the steps of: irradiating ultraviolet rays onto a cationic ultra- 
violet curable composition; dropping the cationic ultraviolet curable composition which has been irradiated with 
ultraviolet rays onto a first disc substrate; superposing a second disc substrate on the first disc substrate on which 
the cationic ultraviolet curable composition has been distributed; and spreading the cationic ultraviolet curable com- 

45 position. 

8. A production method for an optical disc according to claim 6, wherein the cationic ultraviolet curable composition 
dropping from a nozzle is irradiated with ultraviolet rays before reaching said first disc substrate. 

50 9. A production method for an optical disc according to claim 8, wherein ultraviolet rays are irradiated from around 

the whole periphery of the dropping cationic ultraviolet curable composition. 

10. A production method for an optical disc according to any one of claim 6 through claim 9, wherein after dropping 
the cationic ultraviolet curable composition which has been irradiated with ultraviolet rays onto the surface of at 

55 least one disc substrate in a ring form, the other disc substrate is superposed thereon to spread the cationic ultra- 

violet curable composition by pressing or by the weight of the other disc substrate itself. 

11. A production method for an optical disc according to any one of claim 6 through claim 9, wherein the cationic 
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ultraviolet curable composition in a liquid form is dropped with the ultraviolet irradiation shut off to the periphery of 
a nozzle tip. 

12. A production method for an optical disc according to claim 6 or claim 7, wherein said cationic ultraviolet curable 
composition in a liquid form is such that curing can be initiated by the irradiation of ultraviolet rays, and the compo- 
sition can be spread approximately between the two disc substrates by superposing the two disc substrates, after 
which the curing is completed. 

12. A production method for an optical disc according to claim 6 or claim 7, wherein said cationic ultraviolet curable 
composition in a liquid form contains an epoxy resin as the main component and a cation polymerization type pho- 
toinitiator as an initiator. 

13. A production method for an optical disc according to claim 6 or claim 7, wherein said cationic ultraviolet curable 
composition in a liquid form, is a cationic ultraviolet curable composition in a liquid form having a viscosity of from 
200 to 450 mPa -s as measured by a BM type viscometer, and an increase rate of the complex coefficient of vis- 
cosity after 3 minutes from irradiation of ultraviolet rays of not higher than 200%. 

14. A production method for an optical disc according to claim 6 or claim 7, wherein said cationic ultraviolet curable 
composition in a liquid form contains a bisphenol type epoxy resin and an aliphatic diol diglycidyl ether as the main 
component and a cation polymerization type photo initiator as an initiator. 
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FIG.7A 
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